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ABSTRACT 

We have derived an analytic representation for the invariant 
cross-section for the production of charged pions in YP inter- 
actions by making use of the available cross-sections. Using 
this the abundance of muons. in a gamma ray initiated air 
shower is calculated. 


1. Introduction. Total hachonic cross-section of Y-rays at energies 
greater than a few GeV is about two hundred times smaller than hadron 
inelastic cross-section. Therefore, hadron production by Y-ray showers 
in the atmosphere is neglected for the study of muons. However, the 
discovery of pure y-ray air showers from Cygnus X-3 [1] has renewed . 
interest in this study, because of the observed muon content in these 
air showers is not very small compared to those from hadron showers. We 
have attempted in this paper to derive an analytic representation for 
the invariant cross-section for the production of charged pions in Y-P 
interaction, using the available data. Making use of this, the pion 
production spectrum in the atmosphere is calculated for an air shower 
initiated by Y-rays and muon spectrum at different depths is determined. 

2. Y-P Inclusive Cross-section. The frame in which particle produc- 
tion is symmetric in Y“P interaction is found to be the one in which 
the ratio, Q, of the target momentum to the beam momentum is larger than 
1. Experiments performed at energies >afew GeV show that the value of 

Q lies between 2 and 3 [2-5], However, at low energies, where and 
D x resonances dominate, the threshold is consistent with that of centre 
or mass system (CMS) with Q = 1. Therefore, we assume in our investiga- 
tion that Q is energy dependent of the form 

Q = 1. + 2. exp(-m /E v ) (1) 

P 

From a study of the observed invariant cross-section for the production 
of charged pions, we obtained a representation of the type 

E = f(Ey) exp(-C i y). exp(-C 2 x~ 1,5 )/{l.+C 3 /(l-p*/p* ax )}... (2) 

dp ’ 

Here x = / {xi ? + Q(p?+m 2 )/s} and u = / (p^ + 9m 2 ), where x„, = 
f IT TT 11 

p /p , C , C and C have values 6.93, 3.4 and 0.03 respectively. 

1 1 max x z, j 

The longitudinal momentum in the Q- system is given by 
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P u = {p(S +m^)-E(s'-in^) } /2m p /s' ... (3) 

In the above expressions S = m (m +2Ey) , the square of the invariant mass 
and S = m (m +2QEy) . The last term m Eqn. (2) makes sure that the 
momentum of pions p* in CMS does not exceed the maximum allowed momentum 

P ma v’ i s clear that Eqn. (2) is symmetric in Q system except at large 
values of x due to this restriction. 


We have |hown_in Figure l, the invariant cross-section for the pro- 
duction of (tt + i ) as a function of x = p* /p* for various values 
of p a at E y values 18 and 6 GeV [3,6]. - L *he generaf X fit to this data 
using Eqn. 2 is very good. Notice that the invariant cross-section does 
not peak at x^ = 0. The measured 2/E(d a/dp 3 )p x dp x is shown in Fig. 2, 
for various p x intervals. The filled circles, triangles and squares 
correspond to respectively data from 9.3, 4.7 and 2.8 GeV. The data 
plotted in this figure relate to ?T production only. Here again one 
finds that the overall fit to the data is remarkably good. 


Hie form of the function f(E ) is A[l+g(E )]. In order to evaluate 
this, we have adopted the following procedure. Y In the energy region bet- 
ween about 2.5 and 20 GeV, we have made use of the measured cross- 
sections given in Figures 1 and. 2 and the observed ratio of * l.l 

[2,3,6]. For the rest of the energy region, we have made use of the 
observed multiplicity in PP collisions with the assumption that multipli- 
city depends only on the available energy in CMS. It is found that at 
large E„ values the observed < > agrees well with that calculated 

using PP data [7,8]. However, in the region, where p production domi- 
nates, the < > in yP interaction is larger. Therefore, at low ener- 

gies, we have smoothly fitted from the observed data at 2.8 GeV to one 
pion production region. By setting <m ±> 0 = 2ir ffp* (Ed 3 a/dp 3 ) 

Pj. dp x /E* and using the observed a T values [9,10], we m found that A=4.7 
and g(Ey) as 

g ( E y) = 3350 (E y +10)" 3 - 5 E y £ .86 GeV 


125 exp (“5.6 E ) 

.725 £ E 

< .86 

_ e 1.5 Y 

Y 


3.5 E 

.625 < E 

£ .725 

Y 

Y 


1.73 

. 49 SE 

Y 

< .625 

1620 exp (“14E ) 

.315 ^E 

CD 

• 

VII 

Y 

Y 


(4) 


The above expressions approximately characterize A (1232), N(1520) and 
N (1680) resonances well within a few percent. 


From our investigation, we need to know the cross-section for f-air 
nuclei interactions. In order to obtain information on this, we have 
examined the asymptotic_total cross-sections for yP, yD, ttP, ttD, 

KP, KD, PP, PD, PP and PD interactions [10] . It is found that photo- 
hadron cross-section scales exactly as other hadron-hadron cross- 
sections with atomic number of the target. Therefore, we made use of 
the scaling for proton interactions and obtained Y -air inclusive cross- 

section as 0_ < A > . /1.8. 

T air 
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Fig. 1 Invariant cross-section 
for fa +n ) is shown as 
a function x ^ for 
Ey = 18 and 1 6 GeV 


Fig . 2 7T invariant cross- 

section integrated over 
p x is shown for diffe- 
rent p, intervals . 

The filled circles , 
triangles and squares 
correspond to £, =9.3, 
4.7 and 2.8 GeV' respec- 
tively . 


3. Muon Production in Y~ray Showers. Pion production spectrum in the 
atmosphere is given by 

P^^x) = // ^(Ey^dEy . {27T (E d 3 a/dp3)p A d0 ... (5) 

Here, the photon spectrum J is obtained using one dimensional propaga- 
tion of cascade initiated y-rays in the atmosphere without .Approxima- 
tions [11] . From this the spectra of pions and muons in the atmosphere 
are calculated by taking into account the decay, energy loss processes 
and the 2nd generation of pions as described by Stephens [12] . 

In Figure 3, we show the preliminary results based on a representa- 
tion of invariant cross-section, which has the same form as that for 
tt° - inclusive production. The integral flux muons is shown as a function 
of primary y-ray energy for different energy thresholds and for a few 
sample depths. It is seen that the total muon flux is small at all 
depths and therefore, the observed large flux of muons with y-ray 
showers associated with Cygnus X-3 [1] could be due to other reasons. 
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Fig. 3 Total muons above .3 and 
2 GeV axe shown as a 
function of primary y -ray 
energy at 3 atmospheric 

depths. 


One of the possible explanation for this anomaly is that some of the 
air shower electrons and photons, which continue their propagation are 
registered by the muon detectors. 
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